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are Cabibbosuppressed (CS) decays that involve color-favored tree, annihilation, and penguin diagrams. For D + decays, the branching ratio B(D
deviates from the naive tan
2 θ C expectation [3] , due to the destructive interference between color-favored and colorsuppressed amplitudes in D + → K 0 π + [4] . However, converting experimental measurements of D decays that include K 0 S branching ratios to those involving K 0 or K 0 is not straightforward due to the interference between the doubly Cabibbo-suppressed (DCS) and Cabibbo-favored (CF) decay modes where the interference phase is unknown [5, 6] . In D + s decays to K 0 K + and K 0 π + final states, the ratio of the CS decay to the corresponding CF decay may be larger than tan 2 θ C , since the tree dia-
Precise measurements of branching ratios for CS and CF charmed meson decay modes can thus improve the understanding of the underlying dynamics of these decays. In this paper, we report improved measurements of the
S π + branching ratios with respect to the corresponding CF modes,
The results are based on a data sample of 605 fb
recorded at the Υ(4S) resonance with the Belle detector at the KEKB asymmetric-energy e + e − collider [7] . An additional data sample with about 10% of this integrated luminosity recorded 60 MeV below the Υ(4S) was used for the optimization of the selection criteria (offresonance sample). The Belle detector is a large-solidangle magnetic spectrometer that consists of a silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrel-like arrangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter comprised of CsI(Tl) crystals located inside a superconducting solenoid coil that provides a 1.5 T magnetic field. An iron flux return located outside the coil is instrumented to detect K 0 L mesons and to identify muons. The detector is described in detail elsewhere [8] .
We require that the charged tracks originate from the vicinity of the interaction point (IP) with the impact parameters in the beam direction (z-axis) and perpendicular to it of less than 4 cm and 2 cm, respectively. All charged tracks except those originating from K 0 S decays are required to have at least two associated hits in the SVD, both in the z and radial directions, to assure good spatial resolution on the D mesons' decay vertices. Charged tracks are identified as pions or kaons by requiring the ratio of particle identification likelihoods, L K /(L K + L π ), constructed using information from the CDC, TOF, and ACC, be larger or smaller than 0.6, respectively. For both kaons and pions, the efficiencies and misidentification probabilities are 86% and 10%, respectively.
Pairs of oppositely charged tracks that have an invariant mass within 30 MeV/c 2 of the nominal K 0 S mass are used to reconstruct
The distance of the closest approach of the candidate charged tracks to the IP in the plane perpendicular to the z axis is required to be larger than 0.02 cm for high-momentum (> 1.5 GeV/c) K 0 S candidates and 0.03 cm for those with momentum less than 1.5 GeV/c. The π + π − vertex is required to be displaced from the IP by a minimum transverse distance of 0.22 cm for high-momentum candidates and 0.08 cm for the remaining candidates. The mismatch in the z direction at the K 0 S vertex point for the π + π − tracks must be less than 2.4 cm for high-momentum candidates and 1.8 cm for the remaining candidates. The direction of the pion pair momentum must also agree with the direction of the vertex point from the IP to within 0.03 rad for high-momentum candidates and to within 
where each momenta is calculated in the laboratory frame and h + refers to either a K + or π + , is used to reject background candidates. The A requirement is optimized in both CS modes by maximizing N S /σ NS , where N S is the signal yield and σ NS is the statistical uncertainty in N S from the fit to the off-resonance data sample. The asymmetry is required to be less than 0.6 for both decay modes. After this final requirement, we find 10% and 35% improvements in N S /σ NS for CS decay modes of the D + and D + s , respectively.
Since there are differences in the mass distributions between the data and Monte Carlo (MC) simulated [9] samples, we tune the large MC samples of generic continuum and BB decays, intended mainly for the accurate parameterization of the peaking background under the signal. This background is a consequence of particle misidentification and will be discussed in more detail later. The tuning procedure is as follows: the π + (K + ) momentum scale and resolution are tuned with the In the branching ratio measurements, there is a peaking background due to particle misidentification. In the D
The shapes and the yields of these peaking backgrounds are obtained from the tuned simulation samples and are used as the probability density functions (PDF) for the peaking backgrounds. The simulated shape and normalization of the peaking backgrounds are checked by comparing the invariant mass distributions of selected K Table I summarizes the extracted signal yields from the fits to data and corresponding signal efficiencies from the simulated signal samples where finalstate radiation has been included [10] .
TABLE I: The extracted signal yields from the fits to data and corresponding signal efficiencies (ǫ) from the simulated events of signal modes. The uncertainties are statistical only.
Decay modes
Yields
13.53±0.01
15.35±0.01
Various contributions to the systematic uncertainties for the branching ratio measurements are summarized in Table II . Several sources of systematic uncertainty are re- duced in ratio measurements due to the similar kinematics of CF and CS decays. Such sources include the tracking and asymmetry variable efficiency differences between simulated data and real data. However, the systematic uncertainty due to particle identification efficiency does not cancel. The particle identification efficiency differences between real data and simulated events are estimated independently using the decay D * + → D 0 π + followed by D 0 → K − π + and corrections from this estimate are applied to signal efficiencies in Table I . These corrections are 1.000±0.007 and 0.946±0.005 for K + and π + candidates, respectively. Uncertainties in the particle identification corrections are included in the systematics estimate and are found to be 0.90% of the measured ratios. In order to validate the entire analysis procedure, we fit large numbers of simulated samples of generic continuum and BB decays, and find no bias in the procedure within the statistical uncertainties of our measurements. We refit the data with various histogram binnings, different fit intervals, and different combinatorial background PDFs. We also refit the data in the D + and D With the signal efficiencies and the corrections due to particle identification efficiency differences, we find the branching ratios to be
where the first uncertainties are statistical and the second are systematic. These are the most precise measurements to date and are compared to the present world average values in Table III . Our measurement of R(D + ) is in good agreement with previous measurements [3] and is larger than the naive expectation of tan 2 θ C , consistent with the expected destructive interference effect mentioned earlier. For D + s decays, there is no such interference and R(D + s ) is found to be greater than tan 2 θ C by more than eight standard deviations, consistent with previous measurements [3] . This large deviation may be due to the color-suppression of the main D 
